ScientistsUseComputer Visualizations
to EnsureNuclearWeaponSafety,Reliability

Teraflop computersand advancedsisualizationsoftwareprovide capacityto simulatenuclearblasts
by Michelle Perkins

Nuclearweapongestinghasbeenforcedfrom the undergroundgreatingperhapshe biggestchallengeyet for
computerscientistsat Los Alamos,Sandiaand LawrenceLivermorenationallaboratoriesThe scientistsallies
in the newworld of computersimulatedtestingarehhuge"ultracomputers'and advancedsisualization
softwarethat canhandlemodelsof a sizethatcould barelybe imaginedonly a few yearsago.
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ExecutiveOrders

On Septembel4, 1996, Presiderilinton signedthe Comprehensiv@estBan Treaty,placinga moratorium
on undergrounchucleartesting.The Departmenbf Energyandits nationallaboratorieshowever,arestill
responsibldor guaranteeinghe safetyandreliability of the nation'snuclearstockpile.The Accelerated
StrategicComputinglnitiative (ASCI) wasformedto developthe high-resolution, threelimensionalphysics
modelingneededo evaluatethe agingnuclearstockpileandaccuratelypredicthow time will affectdifferent
component®f nuclearweapons.
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"Everythingis a Challenge”

Weaponsn the nuclearstockpilewere built with 20-yearshelflives, which manyof the weaponsave
alreadyexceededThereliability of theseweaponss morecritical thanever,sincethe Comprehensivdest
Ban Treatyalsohaltednewnuclearweaponsiesigns andlrasticallyreducednanufacturingWithout live
nucleartestingor manufacturingsupport, scientistswuststill ensurethat theweaponsn the stockpilearesafe,



reliableandfunctional."Everythingis a challenge hardware software,networkspeedsdatastorage and
especiallyeracity," saysRobertSheaweaponghysicistat Los Alamosand chairmanof the ASCI
VisualizationCoordinatingGroup.

ComputersasBig asa House

Visualizing andanalyzingthe datageneratedy thecomputationamodelsoverwhelmstraditionalscientific
visualizationmethods Oneof thefirst problemsthat scientistsvorking on theASCI projecthadto tacklewas
finding computerghat couldhandlethe largedatasetsmiecessaryor simulatingnuclearblasts.A typical model
canbe aslargeastensof millions of elementsandoverthe nextcoupleof yearsthe simulationswill growto
morethantensof billions of elementsA model fromLos Alamosstudiesthe deformationof a hypothetical
nucleardevicewhenit collideswith a steelplate.
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To handletheselargemodels,SandiaNational Laboratoryin 1997 obtainedhe first teraflopcomputer.The
computercomprises’6 computercabinetscontaining9,216 PentiuniPro processors;84 gigabyte®f RAM,
and morethanoneterabyteof disk memory.It coversnearly1,600 squaréeetandperformsl.84rillion
floating point operationger second.To put this into context,it would takeone personusinga calculator
57,000 yearso calculatea problemthis machinecould computein one second.

Today,Los Alamoshasa computercapableof 3-4 teraflopperformanceand by thefirst decadeof the 21st
century,Los Alamosand Sandiaareexpectedo havea 100+teraflopcomputer.

Seeingis Believing

Sincethe majorfocusof the ASCI programis terascale&eomputationakimulationsyisualizationis essentiato
understandinghe terabytesf dataproducedScientistsrely on visualizatiortools suchas Computational
Engineeringnternational'€nSightsoftwareto ensurethat thecomputercodeis performingas expectedand
to developrealisticmodelsfrom the availabledata."Visualizationis probablythe quickestand easiestvay of
finding errorsin our codesor in the way we havesetup problems,'saysShea."We areall accustomedo
looking at a table of numberscomingout of a computemodel forsomesimplephenomenand mentally
gaugingthe reliability. As the sizeand complexityof the calculationincreasesywe canno longerjust look at
numbers.Theonly possibleway we haveof understandingomplicated3D calculationds throughthe useof
sophisticatedyraphicssoftware."
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Computer scientistat Los AlamosuseEnSightto visualizea numberof componentsvithin a dataset,
including scalarfields, vectorfields, cell-centeredvariables vertexcenteredvariables,and polygon
information."It is very importantthat wehavetheflexibility to look ata numberof differentvariablesat once
in a singlepackage,’saysShea."When| startto investigatea newproblem,l amneverexactlysurewhat|

will needto look at. SinceEnSightallows meto look at severalproblemsat once,l cancomparecalculations
from two separateodes."

Sheadescribes recentexamplethat involved lookingat the resultsfrom two differentcodesandsubtracting
the datafields. Theresultingdifferenceplot allowedscientistdo detecta very subtleproblemwithin a few
minutes."Without advancedsisualizationsoftware this problemcould havegoneundetectedor a long time
and causechumerouscomplications,'saysShea."We might havesavedseveralweeksof work."

Moving Models

Scientistsat Los Alamosalsotakeadvantag®f EnSight'sanimationcapabilitieso betterunderstan@D data
sets. Timeor flipbook animationsareusedmostfrequently.Scientistdoad datasets directlyinto their
computersand play them backo studya largeamount ofdataat onetime. In oneproblem,developersvere
studyinga sphereof materialbeingtransporte@crossa mesh.Looking at an animationof the processhowed
that thespheredid not remainexactlysphericalasit moved.Thedevelopersverethenableto fix thebug in
the code.Scientistsat Los Alamosalsouseanimationsthat aredoneat a fixed time, wherethe valueof an
isosurfacas changedr wherea clip planeis pulled througha dataset.

"Viewing thedataisn't acureall,"” saysShea."But thereareinnumerabldimeswhenbringing up apicturehas
immediatelyrevealedan error that would havdeenextremelydifficult or impossibleto find otherwise."

Reality in a Virtual World

While all computercodesandsimulationsinvolve compromiseghe ASCI projectmustcomeascloseto
perfectaspossible Scientistshaveuseda combinationof field testsand computersimulationsfor a long time,
but neverbeforehavethe simulationsplayedsuchan importantrole in ensuringthe reliability of nuclear
weaponsin the past,scientistausedcomputationdo ask,"What shouldwe testundergroundn Nevad®&"
Today,the codesmustanswerthe question,"Will this deviceperformasexpecte@®"

Scientistsat SandiaNational Laboratoriesfor example areusingcomputersimulationsto testwhetherthe
W76 nuclearwarheadcouldstill functionamid blastof X-rayson anuclearbattlefield. The simulationstry to
mathematicallypredictwhatreal X-rayswould do agheygo throughthe W76's electroniccircuits. Reat
world testsarerun with weakerX-raysandtheresultsarecomparedwith the computersimulations Datafrom
old undergroundiucleartestsis alsousedto validatethe computertests.

Scientistsmustalsodeterminehow weaponsvould reactin complexaccidentscenariosAt Sandia,computer
simulationsarebeingusedto determinevhat would happenf a bombercarryinga nuclearweaponcrashed.
For this project, scientistscollectdatafrom everyaspecbf a planecrash,includinginitial impact,damageo
structuresseverityandspreadf fire basedon fuelamountsandwind condition,andthe effectsof fire on
materialsand objects.Theythentry to simulatewhat sequencesf eventscouldtrigger a nuclearwarhead.



Nothing Like the Real Thing?

Skepticsof the ASCI projectquestionwhethercomputermodelscanevertruly simulatereality,andhow we
cantrustthosesimulationswithoutreatworld testing.SaysShea,"The realfearin any complicatedcalculation
is that everythingunswell on thecomputer the resultslook reasonableandthe answeris wrong." One
skeptic,New York University professoNaomi Oreskaswrotein a 1994 papem theresearchournal Science,
"A model, like anovel, mayresonatevith nature,butit is nota 'real'thing."

With the help of fastersupercomputerand morepowerfulgraphicssoftware,computerscientistsat Los
Alamos, Sandiaand LawrencelLivermorenationallaboratoriesareworking to provethe skepticswrong. They
arekeepingclosetiesto reality by comparingheir resultswith thosefrom old undergroundestinganddata
from non-nuclearexperimentssuchasthe low-poweredX-raysthat Sandias using.All debateaside ASCI
scientistshaveno alternativebut to pursuetheir presenicourseln arecentvisit to Los Alamos, President
Clinton summedup theirmission:"Of all theremarkablehingsthat supercomputessill be ableto
accomplishnonewill be moreimportantthanhelping tomakesurethat theworld is safefrom the threatof
nuclearweapons."
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